A mutant, Vp-MX02, having a deletion in the gene (trh) for the thermostable direct hemolysin-related hemolysin (TRH) was constructed by double-crossover gene conversion from a TRH-producing Vibrio parahaemolyticus strain, TH3996. The deleted region was the upstream half of trh. Hemolysis was completely lost, and TRH antigen was undetectable in the mutant. Administration of the mutant into ligated rabbit small intestines elicited partial, but apparent, fluid accumulation. These results suggest that the enterotoxicity of TRH-producing V. parahaemolyticus TH3996 may be attributed to the remaining C-terminal of TRH or, more likely, to an unknown virulence factor(s) in addition to TRH.
Vibrio parahaemolyticus has been recognized as a cause of acute food-borne gastroenteritis. Hemolysis around colonies on a special blood-agar medium, Wagatsuma agar (12, 13, 16) , has been used for classification of V. parahaemolyticus strains. The hemolysis, designated the Kanagawa phenomenon (KP), has been observed in most V parahaemolyticus isolates from stool specimens from patients with diarrhea but rarely found in those from the environment. Thus, the hemolysis has been implicated in the pathogenicity of V parahaemolyticus, and the thermostable direct hemolysin (TDH) was identified as a causative agent of the KP (5, 6, 10) . Recently, a tdh-deleted isogenic mutant was reported to have no enterotoxicity in animal diarrheal models (14) ; thus, the contribution of TDH to the pathogenicity of V parahaemolyticus was strongly suggested.
Some cases of V. parahaemolyticus gastroenteritis, however, are due to KP-negative strains (3, 4) . A hemolysin resembling TDH, named TDH-related hemolysin (TRH), was detected in some KP-negative clinical isolates. TRH had 67% amino acid sequence identity with TDH (8, 9, 15) . TDH and TRH have common biological activities such as hemolytic activity, lethality to mice, cytotoxicity to various cultured cells, and enterotoxicity (fluid-accumulating activity in rabbit ligated small intestines) (7, 8) . From the structural and functional similarities of TRH to TDH, the contribution of TRH to the enterotoxicity of TRH-producing V parahaemolyticus can be considered. In this study, we constructed an isogenic mutant from a TRH-producing V parahaemolyticus strain, having a deletion in the TRH gene (trh), and examined the enterotoxicity of the mutant strain to assess the role of TRH (20) by Southern hybridization (data not shown) was separated and ligated into the ClaI site of vector pACYC184 (2) (Fig. 1) . A clone (pR4-1) possessing trh was isolated by colony hybridization with a trh probe. The protruded ends of the 1.8-kb ClaI insert were filled with Klenow fragment and ligated with the blunt-ended PstI site of pUC18 (21) Replacement of wild-type trh with the defective gene in Vp-MX02 was confirmed by Southern hybridization with the deleted portion of DNA as a probe (probe 2, from the -5th to the 293th nucleotide of trh) (Fig. 3) . The rest of trh and the adjacent region were also used as a probe (probe 1, 0.8-kb fragment from the 294th nucleotide of trh) (Fig. 3) . ClaIdigested DNA of Vp-MX02 hybridized only with probe 1 (Fig.  3, lane 5) , whereas TH3996, Vp-MX39, and Vp-MX12 reacted with both probe 1 and probe 2 (Fig. 3, lanes 2 to 4) . The sizes of the bands reacted with the probes were 1. The probes were labeled with 32P as previously described (19) . Restriction sites are abbreviated as follows: A,Aval; C, ClaI; E, EcoRI; V, VspI; X, XbaI. Vp-MX02 harboring pKY263. pKY263 has the KpnI-SphI trh fragment of pMX2 at the KpnI and SphI sites of pSU18. pSU18 and pKY263 were introduced into Vp-MX02 by electroporation. Organisms were incubated for 12 h at 37°C on a LB agar plate containing 5% sheep erythrocytes, 0.5% NaCl, and 1.5% agar with (E and F) or without (A to D) 5 p-g of chloramphenicol per ml. gene was replaced with the defective trh gene of pMX5 by the second crossover.
Hemolytic activity of Vp-MX02. The hemolytic activity of Vp-MXO2 was examined (Fig. 4) . The wild-type strain (TH3996), Vp-MX39, and Vp-MX12 showed clear hemolytic activity on blood agar, whereas the mutant strain (Vp-MXO2) did not (Fig.  4D) . Neither the culture supematant nor the cell lysate of Vp-MXO2 showed any hemolytic activity. Hemolytic activity was restored in Vp-MXO2 by introduction of a plasmid (pKY263) having the trh gene (Fig. 4F) . Furthermore, no antigen that reacted with anti-TRH antibody was detected in the supernatant or cell lysate of the Vp-MXO2 culture by Western blotting. Ouchterlony immunodiffusion test, or enzyme-linked immunosorbent assay (data not shown). These results indicate that Vp-MXO2 synthesizes no hemolytic products and that the hemolysis by TH3996 is exclusively attributed to TRH.
Rabbit ileal loop test. To examine the enterotoxicity of the mutant Vp-MX02, a rabbit ileal loop test was performed by the method previously described (8, 19) . Administration of over 108 CFU of Vp-MX02 caused apparent fluid accumulation in rabbit ileal loops, although the extent of fluid accumulation was lower than that caused by the parent, TH3996 ( Table 1) . The fluid accumulation with Vp-MX12, an isogenic revertant, was similar to that with wild-type (TH3996) challenge. These results indicate that in spite of the complete loss of the hemolytic phenotype, Vp-MX02 still has enterotoxicity.
A number of reports have suggested the importance of TDH to the pathogenicity of V parahaemolyticus. Recently, a tdhdeleted isogenic mutant (AQ3815AtdhlAtdh2) was constructed from a TDH-producing V. parahaemolyticus strain (AQ3815), and the mutant has lost enterotoxicity (14) . From the structural and functional similarities of TDH and TRH, it is assumed that TRH also contributes to the enterotoxicity of TRH-producing strains of V parahaemolyticus. In this study, Vp-MX02 lost the hemolytic phenotype completely, but the strain nevertheless elicited apparent fluid accumulation in ligated intestines of rabbits (Table 1) . From these results, we considered the following two possibilities about the enterotoxicity of TRHproducing V parahaemolyticus TH3996. First, the undeleted C-terminal half of TRH may be responsible for enterotoxicity. Since the trh sequence has several ATG codons having the potential to become the translational start codon in frame with trh, the synthesis of truncated forms of the C-terminal portion of TRH in Vp-MX02 may be possible. If this is the case, the N-terminal half of TRH should be important for hemolytic activity. However, we think that this is very unlikely, for no immunologically cross-reacting product was detected by various assays for TRH in Vp-MX02. A more acceptable interpretation is that an unknown virulence factor(s) in addition to TRH may be the cause of the enterotoxicity of TH3996. This concept is different from that for TDH-producing strains, for unlike that of TRH-producing strains, the enterotoxicity of TDH-producing V. parahaemolyticus has been attributed to TDH as shown with the TDH-deleted mutant (14) .
